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Standardization in Bilirubin Assays: Evaluation of Selected
Methods and Stability of Bilirubin Solutions

Basil T. Doumas, Billy Wayne Perry, Edward A. Sasse, and Jon V. Straumfjord, Jr.

Because of the inaccuracy of bilirubin (BIL) deter-
minations, we have investigated some sources of
error associated with the most commonly used
methods.
the most common error. BIL standards in either
human serum albumin (HSA), bovine serum albumin
(BSA), or pooled human serum were analyzed by
these methods. Molar absorptivities (e) of azobilirub-
in by the Jendrassik—-Grof procedure were practically
identical in all three protein bases. The Meites—Hogg
and Malloy-Evelyn methods gave substantially higher
¢ values with BIL in serum than with BIL in either
HSA or BSA. The precision of all methods was good,
but best with the Jendrassik-Grof procedure. BIL
standards can be prepared with good reproducibility
(CV <0.5%). Standards deteriorate appreciably at
—23 °C but are stable at —70 °C. Our data indicate
a need for improved commercial BiL controls.

Additional Keyphrases: sources of error in bilirubin deter-
mination e inter-method comparison e stability of
bilirubin e bilirubin standards

In 1960 Mather (1) made the statement that “Bili-
rubin determinations are perhaps the most noto-
riously unreliable of any in clinical chemistry,” and
they are still deplorable, although there has been
considerable improvement since then. Serious prob-
lems associated with the determination of BIL! have
been amply documented by the Comprehensive Clin-
ical Chemistry Surveys of the CAP. Data from about
1500 participating laboratories, compiled for the last
few years, are shown in Table 1. What is considered
as “acceptable performance” is definitely unaccepta-
ble, and what is called “good performance” cannot
realistically fulfill the requirements and goals of a
laboratory. “Acceptable performance” includes re-
sults within two standard deviations from the mean
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Inadequate standardization appears to be’

Table 1. College of American Pathologists
Comprehensive Chemistry Survey:
Bilirubin, mg/d!

“Good “Acceptabig:

Year Set Mean cv performance” periormanw
1968 3 13,5 13.8 10.7-16.3 9.8- 174
4 42 143 3.3-5.1 3.0-54'

1969 C-1 15.2  10.1  12.9~17.5 121183
c-2 119 104 10.0-13.7 8.4-143

C-3 19.6 10.5 16.5-22.7 15.5-237

C-4 133 10.3 10.8-15.9 9.9-167

1970 C-A 26 153  2.2-3.0 1.8-347
C-B 145 13.8 . 12.5-16.5 10.5-183
G-C 158 146 13.5-18.1 11.2-208

1971 C-A 3.2 125 2.7-3.5 2.3-39
c-C 39 103  3.5-43 3.1-47

Cc-D 3.8 105 3.4-4.2 3.0-46.

value, and “good performance” includes values with
in one standard deviation (1.5 standard dev1atmn
before 1970). The coefficient of variation is. qmte
high and has not substantially decreased dunngthe
last four years. Further evidence of poor accuracyoi
BIL analyses is provided by the Proficiency Testing
Program of CDC, Atlanta, Ga. BIL data reported it
the Clinical Chemistry Summary Analysis for three
months of 1972 are seen in Table 2. The lower an&
upper limits include the central 95% of all volunteeté
laboratory results. Without exception, the reporf&f
data failed to meet the “clinical requirements” lim!

its set by CDC. These limits include results Wlthl“

one-fourth of the normal range (taken as 00‘20

mg/dl) from the median value of the reference 1abo~'
ratories. The situation is worse when one conSIdeﬁs
results for a single sample analyzed by different
methods (Table 3).

Lack of accuracy in any type of chemical zmiﬂ}'S‘s
can be attributed to several factors, the most pl'Oml'
nent being poor methodology, errors in standardizs;
tion, and inadequate quality control. The BIL meth
odology has been extensively reviewed (2, 3). Wed
not propose here a new and better method, but ou!
purpose is to evaluate the commonly used methods’f
and possible sources of error associated with them




Table 2. Center for Disease Control Proficiency Testing: Clinical Chemistry Summary Analysis
(February, May, and November 1972)

Bilirubin, mg/dl (all methods}

Volunteer laboratories

Reference laboratories Clinical requirements

Lower limit

gpecimen Median Upper limit Lower limit Median Upper limit Lower limit Upper limit
C 2007 2.8 4.1 5.6 2.4 3.9 6.0 3.4 4.4
C 2008 2.9 4.2 5.6 2.4 3.9 6.0 3.4 4.4
C 2009 2.4 3.4 4.3 2.2 3.2 4.8 2.7 3.7
C 2025 3.0 4.0 5.0 2.1 3.8 5.5 3.3 4.3
G 2026 1.8 3.8 5.1 1.3 3.8 5.4 3.3 4.3
¢ 2027 1.7 3.4 4.7 1.3 3.6 5.5 3.1 4.1
C 2028 1.7 3.5 4.8 0.8 3.6 5.0 3.1 4.1
C 2068 6.4 8.4 10.5 6.6 8.5 10.8 8.0 9.0
C 2069 3.0 4.4 5.6 3.3 4.4 5.7 3.9 4.9
C 2070 1.3 2.0 2.7 1.3 2.0 2.7 1.5 2.5

Table 3. Center for Disease Control Proficiency
Testing: Clinical Chemistry Summary Analysis
{Specimen C 2026, May 1972)

Bilirubin, mg/di

Volunteer
laboratories

Reterence

Method (manuat) Laboratories

Lower . Upper Lower Upper
i limit Median limit limit Median limit
Jenarassik—
. Grof 32 43 '52 38 4.1 43
Malloy- Evelyn 0.9 2.4 5.2 1.8 2.2 3.9
Spectrophoto-
metric 2.2 31 6.0 - - -
Other 0.5 41 50 25 27 41

Data available from CAP Surveys and CDC Profi-
piency Testing indicate that 85 to 97% of the partici-
pants are using some modification of the J-G (4) or

M-E (5) methods. Consequently, these two proce- -

dures and an attractive modification of the M-E
method described by Meites and Hogg (6) were se-
lgcted for evaluation.

Clinical chemistry laboratories have been plagued
FI{_I years by unreliable BIL preparations and com-
Tercial reference sera. In 1962 a Joint Committee (7)
iccepted the ¢ of BIL in chloroform as a criterion of
:urity for an “acceptable BIL standard.” The same
~ommittee provided directions for the preparation of
& BIL standard in serum. It is noteworthy that With
8) and Michaélsson (2) have questioned the ¢ value
'f BIL in CHCls as a criterion of purity, and sug-
®sted that the e value of azobilirubin may be a more
tliable criterion.
< The problem of standardization in the analysis of

_".iS quite complex -and has several ramifications.
f“’a?lability of pure and certified (by CAP) BIL has
,,;;l-lpt Improved the accuracy of the analysis, because of
¢ variety of ways by which BIL standards have
“*en prepared and used. The steps involved in the

preparation of a BIL standard include: (a) solution
of the material in a small volume of NaxCOs (7),
NaOH (2), cyanide-formamide (9), or DMSO (10);
(b) addition of a protein base; (c) adjustment of pH
to 7.3-7.4; and (d) dilution to a final volume, and
storage.

Some BIL specimens dissolve with great difficulty
in NagxCOg solution. If the protein base is added be-
fore the solution is complete, the BIL will not dis-
solve, resulting in an erroneous standard. BIL dis-
solves easier in NaOH, but also degrades faster in
this solvent. Solutions of BIL in DMSO must be
added dropwise to the protein diluent with continu-
ous stirring to avoid protein precipitation. Further-
more, quantitative transfer of BIL solutions in
DMSO to the protein base is difficult. The impor-
tance of the protein base has been generally over-
looked. Most authors have rccommendcd fresh
pooled serum (2, 7, 9, 11), others have used HSA (12,
13) or BSA (10, 14) solutions, and some investigators
(5, 15, 16) preferred to carry out the standardization
in a mixture of chloroform and methanol in the ab-
sence of protein. Because BIL is determined in
serum or plasma, it is of paramount importance that
for any chosen method the molar absorptivity of
azobilirubin in HSA, BSA, or chloroform-methanol
is equal to that in serum. The assumption that
azobilirubin has the samec ¢ value in the commonly
used protein bases may not be valid.

The stability of frozen BIL preparations has not
been conclusively established. Stored at —20 °C, BIL
solutions are reported to be stable for at least 10
months (14), indefinitely (17), or for about a month
(9, 10, 18).

Commercial control sera have been evaluated in
the past (15), and recent reports by Helman et al.
(19) and Laessig et al. (20) revealed that the quality
of these controls is far from satisfactory. Many labo-
ratories use commercial controls as reference BIL
materials, especially with certain types of instrumen-
tation such as multichannel continuous-flow sys-
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tems. T ue vandity of BIL analyses depends on the
accuracy of these controls.

We have also obtained information regarding: (a)
the precision of the preparation of BIL standards;
(b) the ¢ values of azobilirubin in various BIL prepa-
rations; (¢) the stability of BIL solutions at —23 °C
and —70 °C; (d) the effect of the protein base and its
concentration on the ¢ values of azobilirubin by the
chosen methods; and (e) the precision of BIL analyses
under optimum conditions.

Materials and Methods
Equipment

A Cary 16 spectrophotometer (Cary Instruments,
Monrovia, Calif. 91016) and “Suprasil (QS)” 10 +
0.01 mm cuvets (Helma Cells Inc., Jamaica, N. Y.
11424) were used for absorbance measurements. The
photometric accuracy of the instrument was estab-
lished and regularly checked by the use of standard
glass filters (Standard Reference Material-No. 930)
available from the National Bureau of Standards.
Transmittance values for these filters are certified
with an uncertainty of £0.5% of the nominal values,
or 0.0022 absorbance units. The linearity of the in-
strument was checked with uranium-yellow filters
obtained from Cary Instruments.

Materials

BIL samples purchased from J. T. Baker Chemical
Co., Phillipsburg, N. J. 08865; Pfanstiehl Laborato-
ries Inc., Waukegan, Ill. 60085; Harleco, Division of
American Hospital Supply Corp., Philadelphia, Pa.
19143; and NBS (Standard Reference Material No.
916), Washington, D. C. 20234 were used without
further purification. The following commercial BIL
controls were examined: “Calibrate 3” and “Pediat-
ric Versatol”” (General Diagnostics Division, Warner-

Lambert Co., Morris Plains, N. J. 07950), Dade “Bi-

lirubin Control” and “Monitrol II”” (Dade Division,
American Hospital Supply Corp., Miami, Fla.
331562), “Metrix” (Armour Pharmaceutical Co.,
Clinical Diagnostics Division, Chicago, Ill. 60690),
and “Bilirubin Standards” (American Monitor
Corp.. Indianapolis, Ind. 46201).

Salt-poor human albumin solutions (25 g/dl) were
obtained from various sources (Merck, Sharp and
Dohme, West Point, Pa. 19486; Hyland Division,
‘I'ravenol Laboratories Inc., Costa Mesa, Calif.
92626; Cutter Laboratories, Berkeley, Calif. 94710;
Pitman-Moore, Dow Pharmaceuticals, Indianapolis,
“Ind. 46206). HSA, Cohn Fraction V, was obtained
from Pentex (Research Products Division, Miles
Laboratories, Inc., Kankakee, Ill. 60901) and BSA,
Cohn Fraction V. from Nutritional Biochemicals
Corp., Cleveland, Ohio 44128. Pooled sera from hos-
pitalized individuals were clear, nonhemolyzed, and
nonjaundiced, either fresh (24 h old or less) or old
(stored frozen for several months). Solutions pre-
pared using BSA were quite turbid and were clari-
fied by centrifugation at 4 °C at about 18 000 X g.
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Preparation of Bilirubin Standard Solutions

Some BIL preparations, those from NBS and J. T
Baker Co., are quite insoluble in 0.1 mol/htel'
NaCO3; and require DMSO for solubilization, BIL
solutions at a concentration of 20 mg/dl were
pared either in 4 g/dl HSA, 4 g/dl BSA, or in pogjeq
serum as follows:

Bilirubins soluble in NazCOs. About 20 mg of By,
weighed to the nearest 0.01 mg, was dissolved in 4‘0’
ml of 0.1 mol/liter Na2COs in a 100-ml volumety;,
flask. The usual precautions were observed dury,
the preparation and assays of BIL solutions; i.e., t,
BIL samples were weighed, dissolved, diluted, apq
assayed away from windows and with the laboratory
lights off. Approximately 10 to 15 min were requireg
to obtain a red-orange clear solution. About 80 ]
protein base, adjusted to pH 7.3-7.4, was addeq,
followed by 4 ml of 0.1 mol/liter HCI while the soly..
tion was being mixed (the exact volume of HCl i
found by titrating separately the NasCOs solutiog
with the acid to the phenolphthalein end point). The
solution was diluted to volume with the protein basg,

Bilirubins insoluble in Na2COsz. About 20 mg of
BIL was suspended in 1.0 ml of DMSO in a 100-ml
volumetric flask. After the BIL was uniformly dis-
persed, 2.0 ml of 0.1 mol/liter NazCO3 was added
and a clear solution was obtained within a few sec.
onds. From this point the preparation of the stan
dard was completed as in the preceding paragraph
except that 2.0 ml of HCl was used. '

The BIL standard solutions described above were
diluted to various concentrations by using the appro-
priate diluent. Diluents were prepared exactly as the
corresponding standards except that the BIL was
omitted. These diluents also served as sample blanks
in the subsequent analyses of the standards. The
BIL solutions were analyzed immediately by the:
chosen methods, dispensed in polypropylene tubes!
(Falcon Plastics, Division of Becton, Dickinson &
Co., Oxnard, Calif. 93030) and stored at —23 °C and
-70°C.

Methods

BIL analyses were performed at least in triplicat.e"
with the M-E, M-H, and J-G methods. Volumetrc.
pipets were used throughout this study.

Mailoy and Evelyn

The original M-E method was used without modi:
fication. The volumes used were: 5.0 ml of 1120, 0'59
ml of sample or diluent (sample blank), 1.0 ml diaz
reagent, and 6.0 m! of methanol—in that sequenc®
Thirty minutes after the reagents were mixed, ab:
sorbance measurements were made at 540 1%
against a reagent blank containing 0.50 ml of watel
instead of sample.

Reagents 4‘
Absolute methanol. “Spectrophotometric Grade?



14 Label” (Aldrich Chemical Co., Milwankee,

5.53233).
"Sulfﬂnilic acid. Dissolve 1.0 g of reagent-grade sul-
ilic acid in 200 ml of water, add 15 ml of concen-
gnted HCland dilute to 1 liter with water. -
“godium nitrite, 0.50 g/dl. This solution has been
o tat 4 oC for 9 months without deterioration.
!‘%iazo reagent. Mix 0.3 ml of sodium nitrite and 10
of sulfanilic acid solutions. This reagent was used

ithin 1 h after its preparation.

“yenes and Hogg

\The volumes used were the same as those in the
M—E method. After a reaction time of 10 min, ab-
sorbance measurements were made at 557 nm
azainst a reagent blank.

Reagents
“Absolute methanol. Same as in the M-E method.
;f"sulfanilic acid. Dissolve 5.0 g of sulfanilic acid in
500 ml of water, add 60 ml of concentrated IICI and
dilute to 1 liter with water.
iSodium nitrite, 2.0 g/dl. .
‘Diazo reagent. Mix 0.3 ml of sodium nitrite and 10
smlof sulfanilic acid solutions.

Jendrassik-Grof

his procedure was modified by using sodium tar-
ate dihydrate instead of potassium sodium tar-
. With the latter reagent, crystallization of caf-
‘i the final reaction mixture frequently oc-
curred, making absorbance measurements invalid.
0.a tube containing 4.0 ml of caffeine reagent was
dded 0.50 ml of sample or diluent (sample blank),
llowed by 1.0 ml of diazo reagent. The contents
mixed immediately and thoroughly. After 10
3.0 ml of alkaline tartrate was added and mixed
oughly by inversion. Absorbance measurements
ere made at 600 nm against a reagent blank con-
ining water instead of sample.

Beagents

_Caffeine reagent. Dissolve 82 g of anhydrous sodi-
Im acelate (or 125 g of CHgCOONa-3H20), 75 g of
dium benzoate and 1 g of disodium EDTA in
bb_ut 500 ml of water. Add 50 g of caffeine (Aldrich
mical Co., Milwaukee, Wis. 53233, or Eastman
ak Company, Rochester, N. Y. 14650), stir until

f?'f;@pletely dissolved (no heating is required) and di-

to 1 liter with water. This reagent is slightly tur-
2 but can be clarified by filtration.

%Alkaline tartrate. Dissolve 75 g of NaOH and 263 g
Sodium tartrate (NazC4H406+-2H20) in water and
lute to 1 liter.

Sodium nitrite, 0.50 g/dl.

i

Sulfanilic acid. Dissolve 5.0 g of sulfanilic acid in

£ 1l of water, add 15 ml of concentrated HCl, and
g.Ue to 1 liter with water.

, 1_131020 reagent. Mix 0.50 ml of sodium nitrite and
#l of sulfanilic acid solutions.

Tt has heen reported (21) that the caffeine, sulfa-
nilic acid, and alkaline tartrate reagents are stable
for at least six months at room temperature.

Molar adsorptivities of the azobilirubin were cal-
culated using the equation:

584.7 X corrected absorbance X

vol of reaction mixture in ml
€ =

mg of bilirubin in sample analyzed

where 584.7 is the molecular weight of BIL and the
corrected absorbance is the absorbance of the sample
less the absorbance of the sample blank. No correc-
tion was made for the 3% decrease in volume in the

‘final reaction mixture in the M-E and M-H methods

(15).
Bilirubin Solutions in Chloroform

About 20 mg of BIL, weighed to the nearest 0.01
mg, was dissolved in 100 ml of CHCls (Spectropho-
tometric Grade, Gold Label; Aldrich). Further dilu-
tions were made in CHCls and the absorbance was
measured at 453 nm against CHCls in Teflon-stop-
pered cuvets. )

Results
Molar Absorptivity in CHCIl3

The molar absorptivities of BIL samples from
NBS, Harleco, Pfanstiehl, and Baker were 62000,
62 000, 60 900, and 60 400, respectively. All these
values are within the specifications of the Joint Com-
mittee (7). The ¢ value of the NBS BIL is about 1.5%
higher than that given by NBS. This discrepancy is
possibly the result of evaporation of the solvent during
transfer of the solution to the cuvet. It should also be
pointed out that absorbance measurements at NBS
were made at 25 °C, while we made no attempt to
control the temperature of the cuvet compartment.

Reproducibility of the Preparation of
Bilirubin Standard Solutions

Two lots of Pfanstiehl BIL were used to prepare
stock ‘standards in HSA, BSA, and pooled serum
over a period of 15 months. The ¢ values obtained by
the J-G method, as shown in Table 4, are essentially
the same in all three protein media. They are in very
good agreement with the value of 73 000 for BIL in
serum reported by Gambino and Di Re (22). The two
lots of BIL appeared to be identical. Fresh serum
was used in preparations 1-4, and old frozen serum
in preparations 5 through 8. Our data failed to dem-
onstrate moderate or severe suppression of the e
values with old serum as reported by Gambino (21).
Furthermore, the source of HSA does not seem to af-
fect the ¢ values. The low coefficient of variation
(<0.5%) indicates that BIL standard solutions can
be prepared with good reproducibility.

Bilirubins from Various Sources

The azobilirubin ¢ values of BIL from various
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Table 4. Reproducibility of the Preparation of
Bilirubin Standards (Pfanstiehi Lot Nos. 6497K
" and 9329—J-G Method)

Molar absorptivity X 10~ 32

Preparation

number In BSA in HSA In serum
1 73.4 73.7 73.7
2 73.0 73.4 72.9
3 73.9 73.5 73.4
4 73.1 74.0 73.8
5 73.6 73.4 73.2
[¢] 73.3 73.6 73.1
7 73.3 73.6
8 73.4 73.1

9 72.7

X 73.3 73.6 73.4

sSD .35 .23 .32

(9 47 .31 : 44

@ Molar absorptivity in all Tables is that of azobilirubin.

Table 5. Molar Absorptivities of Bilirubin from

Various Sources in BSA, HSA, and Pooled Serum

Malar ahsorptivity X 10-3

Source in BSA In HSA In serum

J-G Method

NBS 75.5 74.8 74.6

Baker 71.5 72.0 71.6

Harleco 74.0 73.9 73.2

Pfanstiehl 73.3 73.6 73.4
M-H Method

NBS . 73.2 68.9 75.5

Baker 68.2 64.2 72.4

Harleco 72.4 69.3 75.4

Pfanstiehl 71.0 67.7 74.2
M-E Method

NBS 56.2 55.5 63.8

Baker 54.0 49.8 60.5

Harleco 56.7 53.5 63.0

Pfanstiehl 55.8 50.1 61.4

sources are seen in Tahle 5. The data are average
values from analyses of at least two preparations.
With the J-G and M-H methods, ¢ values were cal-
culated from the absorbance of 20 mg/dl standards,
whereas the absorbance of 10 mg/dl standards was
used for calculations with the M-E method. With the
J-G procedure, the product from NBS provided the
highest € in all protein bases. Essentially the same e
values were obtained for NBS and Harleco BIL with
the M-H method. The results obtained with the M-E
procedure were rather inconsistent. There was a
variable degree of turbidity in the final reaction mix-
ture of the M-H and M-E methods, when BIL in
serum was used, raising some doubt about the valid-
ity of the e values. Furthermore, ¢ values obtained by
the last two methods were not very reproducible.

The molar absorptivity of azobilirubin is practical-
ly independent of the type of protein base with the
J-G method. With the other two procedures, the
highest ¢ values were obtained with BIL in serum.
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When the protein base was HSA or BSA, the Tolgg:
absorptivities were substantially lower. Compared
serum, the ¢ values in HSA and BSA were on the ..
erage lower by 16% and 10%,.respectively, for th
M-E method. The corresponding values for the )y
procedure were lower by 9% and 4%, respectively,

Effect of Protein Concentration
on Molar Absorptivity

A 20 mg/dl BIL solution was prepared in 0.1 ;-
liter NagCO3. From this solution 15 mg/dl standards
with an HSA concentration from 1 to 6 g/dl we,
prepared as rapidly as possible. In addition, the orig:
inal stock solution was diluted to 15 mg/dl wit:
0.134 mol/liter phosphate buffer, pH 7.4. All 5o,
tions were analyzed by the J-G method, and the re.
sults are shown in Table 6. A minimum HSA con-
centration, between 1 and 2 g/dl, is required to oh.
tain maximum absorbance.

Linearity

The linearity of the J-G method is illustrated. in:
Tables 7 and 8. When a high BIL standard in serum
was diluted with serum diluent (Table 7), the linear.
ity was excellent as judged by the essentially 'chnf
stant value of the e. In contrast, high dilutions of the
same standard with saline resulted in a significant
suppression of the ¢ values. This experiment was re-
peated several times with very consistent results;
which are in disagreement with the statement made
by Fog (23) that a fifty-fold dilution of protein'has
no effect on the molar absorptivity. Good linearity
was also observed with BIL in HSA when the same

Table 6. Effect of HSA Concentration on the:
Molar Absorptivity (Pfanstiehl Bilirubin—J-G
Method)
Molar absorptivity X 1073
70.4
71.4

Medium
0.1 mol/liter NazCO3
Phosphate buffer, pH 7.4
HSA, g/liter
72.8
73.6
73.5
78.4
74.0
73.7

OO EWN =

Table 7. Effect of Bilirubin Concentration on the
Molar Absorptivity (Bilirubin
in Serum—J G Method)

Molar absorptivity X 1073

Diluent

Concentration, mg/d! Serum Saline
0.50 74.0 64.6
1.0 73.7 68.2
2.0 73.1 71.6
4.0 73.1 72.4
10.0 72.4 72.6

20.0 731 -




o

Table 8. Effect of Bilirubin Concentration on
the Molar Absorptivity (Bilirubin in
HSA or BSA—J-G Method)

Molar absorptivity X 103

Diluent
concentration, mg/di © HSA BSA
0.50 73.2 69.3
1.0 74.6 70.6
5.0 — 72.8
10.0 74.1 72.6
20.0 74.3 72.8

protein was used as diluent, while slight deviations
from linearity occurred with BIL in BSA (Table 8).
The use of saline as diluent for BIL solutions in HSA
and BSA has about the same effect as for BIL in
serum. The alkaline azobilirubin follows Beer’s law
up to an absorbance of 1.7 and perhaps higher.

Similar experiments were conducted with the M-H
and M-E methods. The linearity was good for both
methods only with BIL standards in serum, and
when serum diluent was. used for the dilution of a
stock (20 mg/dl) BIL solution. Dilutions with saline
had the same effect as that seen with the J-G proce-
dure. Serious deviation from linearity was observed
with both methods when either HSA or BSA were
used as the protein bases. The ¢ values were severely
suppressed near the physiologic range even when
dilutions were made with the appropriate diluents.

Precision

The precision of the methods was determined at
different BIL concentrations. Fach sample was con-
secutively analyzed by the same individual. The
data in Table 9 indicate that the precision is very
good for all methods, even at BIL concentrations
near the normal range. With the M-E method, the
concentration of the high standard was 10 mg/dl.

Caffeine Reagent

Caffeine reagents were prepared with caffeine from
two different sources. BIL solutions analyzed with
both reagents provided identical ¢ values. Caffeine
obtained from Eastman was recrystallized from boil-
ing water. There was no change in the ¢ of azobiliru-
in when the recrystallized material was used.

The caffeine reagent, an almost saturated solution,
as an undesirably high viscosity. The necessity of
aich a concentrated reagent in the BIL determina-
on by the J-G method has not been documented.
JIL solutions (20 mg/dl) in HSA, BSA, and in
looled serum were analyzed with caffeine reagent of
rariable concentration. The data in Table 10 indi-
‘ate that the absorptivity of azobilirubin remains es-
Sentially constant even when this reagent is diluted
0 35% of its original strength. Further dilution re-
ults in a drastic drop of the ¢ value of BIL in serum.
Xlthough a more dilute reagent may be quite satis-

Table 9. Precision of Various Methods in
Bilirubin Analysis (Bilirubin in Serum or HSA)

- M-H M-E
N =10 In serum In HSA In serum In serum
0.5 mg/di
X 0.0372 0.0354 0.0276 0.0198
S 0.0004 0.0005 0.0006 0.0004
cv 1.1 1.3 2.3 2.2
€ X10-3 74.0 72.6 80.7 58.0
1mg/dl
X 0.0746 0.0721 0.0503 0.0400
S 0.0003 0.0002 0.0007 0.0008
CVv .39 .34 1.4 2.0
e X103 741 73.9 73.6 58.5
20 mg/dl
X 1.478 1.436 1.008 0.0414¢
SD 0.0022 0.0014 0.0040 0.0045
CVv .15 .10 .40 1.1
€ X103 73.5 73.6 73.7 60.1

@ Concentrations: 10 mg/dl.

Table 10. Effect of the Concentration of
Caffeine Reagent on the Molar Absorptivity
(J-G Method)

Reagent concen- Molar absorptivity X 10-3

tration, % of

full strength In HSA In BSA In serum
100 71.8 73.0 73.7
90 71.8 72.9 73.8
70 72.3 72.9 73.6
50 72.4 73.4 74.2
35 72.7 74.0 73.8
25 72.0 73.1 57.9

factory, the full-strength reagent was used through-
out this study.

The incorporation of EDTA in the caffeine reagent
was - proposed by Holtz and van Dreumel (24) in
order to avoid complexes of azobilirubin with heavy
metal ions that interfere in the BIL measurement.
We have observed some deviation from linearity at
low BIL levels when the EDTA was omitted.

When K,Na-tartrate was used in the alkaline buff-
er, a variable degree of turbidity was occasionally
seen in the final reaction mixture. The mixture was
centrifuged and the sediment was dissolved in
CHCIl3. Upon evaporation of the solvent, a crystal-
line substance was obtained that had an ultraviolet
absorption spectrum identical to that of caffeine.
Turbidity was never observed with Na-tartrate in
the alkaline buffer.

Dyphylline [7-(2,3-dihydroxypropyl)-theophylline]
has been used instead of caffeine (2), to avoid the
turbidity that sometimes occurs in the reaction mix-
ture of the J-G method. Michaélsson (2) reported
that the absorptivity of azobilirubin and the stability
of color were the same with both xanthine deriva-
tives. We have repeated his experiment and con-
firmed his findings. Thus dyphylline and caffeine are
perhaps equally suitable as accelerators, except that
the former causes excessive foaming (a solid-type
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foam) in the reaction mixture, which may be consid-
ered undesirable.

- Sodium Nitrite

There is a lack of agreement with regard to the
stability of the 0.50 g/dl NaNO; solution at 4 °C. A
solution of NaNO; was kept for nine months in the
refrigerator and was periodically compared with a
fresh solution in the BIL analyses. The preparation
remained stable throughout this period.

Diazo Reagent

Gambino and Di Re (22) have challenged the
myth about the 30-minute stability of the diazo re-
agent. They reported that this reagent is stable for
24 h. We have confirmed their findings, and found
that the diazo reagent used with the J-G method is
stable either at room temperature or at 4 °C for at
least 72 h. However, it was routinely used within an
hour after preparation.

Commercial Control Preparations

Lyophilized commercial controls were reconsti-
tuted according to the manufacturer’s directions and
analyzed at least in triplicate. Sample blanks were
prepared by substituting sulfanilic acid for the diazo
reagent.

The data in Table 11 indicate serious discrepan-
cies between the listed and found values for some
control sera. The largest difference was observed
with “Calibrate 3” (Lot A) and “Metrix.” An unusu-
al phenomenon was observed in the analysis of “Me-
trix.” The color development was slow and at the
end of the 10-min coupling period the solution had
an orange tint. When the coupling time was in-
creased to 45 min, a higher absorbance was obtained.
Upon centrifugation of the reconstituted material, a
gelatinous orange precipitate was obtained, indicat-
ing that some BIL was not in solution. The precipi-
tate ' was washed with water, centrifuged, dissolved in
0.1 mol/liter NagCOjz, and analyzed by the J-G
method. The amount of BIL present in the precipi-
tate was 0.029 mg per vial of “Metrix,” or 14% of the
amount listed by the manufacturer. When the same
control was analyzed by the M-H method, a BIL
value of 22.1 mg/dl was obtained, indicating that
“Metrix” contains more bilirubin than listed by the
manufacturer.

One lot of BIL standards from American Monitor
Co. provided values close to those listed. A different
lot, however, gave values that were, with one excep-
tion, about 0.10% less (Table 12). Finally, some BIL
controls were analyzed simultaneously by the J-G and
"M-H methods, and the results are shown in Table
13. The different values of the American Monitor_
preparations obtained by the two methods are ex-
pected, since the BIL is in BSA base and our stan-
dard with the M-H method was BIL in serum. The
results obtained for “Calibrate 3,” “Versatol,” and
“Monitrol II” are difficult to explain. It is evident
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Table 11. Bilirubin Content of Commercial
Controls (J-G Method)

Controt Listed value Found value Di"ere,..,e,
mg/di %,
Monitrol 1 3.6 3.7 +2.8
Calibrate 3 Lot A 5.0 4.1 —18.0
Calibrate 3 Lot B 5.0 4.5 -10.0
Versatol Pediatric 20.7 18.9 -8.7
Metrix 20.7 16.7 -19.3
Metrix2 20.7 18.1 —-12.5
Dade BIL Control 20.0 19.4 —-3.0
American Monitor D 10.0 9.7 —-3.0
American Monitor E 15.0 14.9 -0.7
American Monitor F 20.0 19.6 -2.0

@ Coupling time: 45 min.

Table 12. Bilirubin Content of American
Monitor Standards (J-G Method)

Vial Listed value Found value Difference, %
mg/di
A 1.0 0.9 —=10.0
B 3.1 2.8 —9.7
C 5.0 4.7 —-6.0
D 10.0 9.1 -9.0
E 15.0 13.5 -—10.0 -
F 20.0 18.1 —=9.5

Table 13. Bilirubin Content of Commercial
Controis by M-H and J-G Methods

Found value

Listed —_—
Control value M-H J-G
mg/di

Calibrate 3 5.0 4.1 4.5
Pediatric Versatol 20.7 18.1 18.8
Monitrol 11 3.5 3.3 3.5
American Monitor D 10.0 8.7 9.4
American Monitor F 18.9 171 18.1: -

that the BIL values in these controls are dependent
on the methodology.

Stability of Frozen Bilirubin Solutions

Frozen BIL solutions, 20 mg/dl, were kept for five
months at —23 °C and were analyzed several times
during this period by the J-G method. The results
from this experiment are given in Table 14. There is
a significant deterioration of BIL with storage in
both the 4 and 8 g/dl BSA solutions, 2% and 1.5%
per month, respectively.

Data on the stability of BIL in HSA, BSA, and
pooled serum, at —70 °C, are shown in Tables 15 and
16. The BIL concentration remained essentially un-
changed over a period of seven months when HSA.0f
BSA were used as the protein base. Bilirubin W
pooled serum seems to deteriorate a little faster than.
in the other two protein media.

Discussion

The results of this study provide an explanatiot
for the lack of accuracy in the determination of B
and identify some possible sources of error.



rable 14. Stability of Bilirubin Solutions at
—23 °C (Pfanstiehl Bilirubin in BSA
Solutions— (J-G Method)

- Molar absorptivity X 10-3

Date In 4 g BSA/d! In8 g BSA/dl
10-15-71 73.0 73.4
10-21-71 72.6 72.4
10-29-71 72.1 72.2

11-5-71 —_ 71.9
11-9-71 71.6 72.2
11-23-71 70.8 71.1
12-9-71 71.2 71.6
2-2-72 70.0 69.2
4-10-72 66.3 68.0

Table 15. Stability of Bilirubin Solutions at
—70 °C (Ptanstiehl Bilirubin in HSA
and Pooled Serum—J-G Method)

Molar absorptivity X 10-3

Date In4gHSA/dI In serum
12-27-71 73.7 73.7
2-1-71 73.4 72.9
3-7-72 73.2 71.7
4-10-72 73.2 72.3
9-14-72 /2.4 71.2
10-27-72 71.4 —

Table 16. Stability of Bilirubin Solution at
~70 °C (NBS Bilirubin in 4 g HSA or BSA per
Deciliter—J-G Method)

Molar absorptivity X 103

Date In HSA In BSA
3-16-72 73.9 74.1
5-9-72 74.3 —
6-19-72 74.2 74.7
10-27-72 73.8

73.2

‘Standardization

The lack of accuracy of BIL determinations can be
attnbuted to a great extent to inadequate standard-
lzatlon because the precision of the three methods is
good even at concentrations near the physiologic
range (Table 9). Bilirubin standards have been pre-
Dared in HSA (12, 13), BSA (10, 14), or pooled
rum (2, 7, 9, 11), and commercial BIL controls and
‘standards” are prepared in all of the above protein
bases. The Dade BIL control is prepared, according
LO the manufacturer, in crystalline HSA; the Ameri-
can Monitor “standards” in BSA; and all the other
eX-'z\mmed controls in pooled serum. Even when the
Standards are accurate, the possibility. of error exists
ind depends on the choice of method and the protein
28s¢ used in the preparation of the standard. It is
Zpparent that with the M-E and M-H methods the
nly suitable protein base is pooled serum; serum
8IL wil] be overestimated if standards in HSA or

B3A are used. Compared ‘to BIL in serum, the e
"ahles of azobilirubin in BSA and HSA are substan-
Hally lower, In contrast, the molar absorptivities of
a"“blhrubm with the J-G method are almost identi-

cal in all three protein bases. The preparation of BIL
standards has been inconvenient, and Michaélsson et
al. (25) have recommended the use of the molar ab-
sorptivity of azobilirubin as a means for standardiza-
tion. There are various reasons for the reluctance
of many laboratories to prepare BIL standards.
Among these reasons are: differences in purity of the
BIL preparations encountered in the past, the lack of
a preparation with known purity, the difficult solu-
bilization in Na,COs, and the meager information
available with regard to the stability of the prepared
standards.

Pure BIL is now available from the NBS, and
should be used to ascertain the purity of BIL from
commercial sources. Bilirubins that appear amor-
phous under the microscope (Harleco, Pfanstiehl)
dissolve rather easily in 0.1 mol/liter NazCOs in
about 10 to 15 min. We have confirmed, however,
the experience of Dybkaer and Hertz (9) that it is
impossible to prepare a 20 mg/dl standard according
to the recommendation of the Joint Committee (7)
and Gambino (21); i.e., to dissolve 20 mg of BIL in 2
ml of NayCOs. Solution can be effected by using
twice the specified volume. Crystalline bilirubins
(from NBS or J. T. Baker) are relatively insoluble in
NagCOs. Insoluble material was present 2 h after the
addition of NasCO3. However, if the material is first
suspended in DMSO, it dissolves immediately upon
addition of NasCOgz. The use of the two solvents has
several advantages: (a) it permits the use of the NBS
BIL; (b) it reduces the time BIL remains at a high
pH; (c) it assures that all the BIL is in solution, a fact
that is determined with great difficulty if NasCOg
only is used; and (d) the protein base can be added
directly to the BIL solution without the risk of pro-
tein precipitation. The presence of DMSO does not
change the molar absorptivity of azobilirubin. HSA
and BSA are preferable to serum as the protein base
because they contain no detectable BIL, which is in-
variably present in pooled sera. The resulting BIL
solutions are crystal clear, and the same protein so-
lutions can be used to prepare working standards
with a constant protein concentration. With the J-G
method, HSA or BSA is the preferred protein base.
Dybkaer and Hertz (9) have recently described a
technique for preparing BIL standards. We found
their procedure unusually, and perhaps unnecessari-
ly, complicated.

Unlike other primary standards, BIL solutions
should be assayed and the molar absorptivity calcu-
lated before they are used in the laboratory. The e of
the azobilirubin can perhaps provide, as suggested by
several investigators, a better criterion of purity than
that of BIL in CHClg. There is a need for a eollaho-
rative study to establish the molar absorptivities of
azobilirubin for the most accepted methods with cer-
tified NBS BIL. The range of ¢ in CHCI3 (60700 %
1600) for an acceptable BIL is too wide, and a more
narrow range can be established for azobilirubin, as
evidenced by the data in Table 4.
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BIL solutions deteriorate appreciably when stored
at —23 °C. This delerioration, about 2% per month,

prohibits long storage at this temperature. BIL solu- .

tions ranging from 5 to 20 mg/dl were stored at —16
°C for 12 days. There was an almost uniform 4% de-
terioration at the end of this period. At —70 °C, BIL
solutions show good stability. The rate of deteriora-
tion is so slow that we have been unable to detect
any change over a period of seven months.

Methods

The purpose of this communication is not to pro-
pose the adoption of a certain procedure. We would
like, however, to make some comments in regard to
the methods examined. The J-G procedure is charac-
terized by an excellent precision, both at normal and
abnormal levels (Table 9). The rate of color develop-
ment is very rapid. Upon addition of the diazo re
agent to a caffeine-BIL mixture, 99.5% of the maxi-
mum absorbance is obtained in less than 30 s. Re-
agents prepared with different lots of materials pro-
vided the same ¢ values. The color produced adheres
to Beer’s law up to an absorbance of 1.7 and perhaps
higher. The sensitivity is considerably higher than by
the other two methods. The inhibition by hemoglo-
bin is almost completely eliminated by the use of
ascorbic acid (25).

It has been claimed (1) that complete reaction of
all the protein-bound BIL cannot be achieved by or-
dinary caffeine and benzoate mixtures. However, re-
sults reported by the CDC Proficiency Testing (Clin-
ical Summary Chemical Analysis, May 12, 1972)
tend to dismiss this claim. Procedures in which
methanol is used as the accelerator showed a nega-
tive bias on all samples of the survey. The values ob-
tained by the M-E method were 55 to 90% of those
of the J-G procedure.

There are two reports (26, 27) describing an inhib-
itory effect of dyphylline on the determination of
total BIL. Our experience with dyphylline is limited,
and this point requires further investigation. At the
present time, the J-G procedure is the most thor-
oughly investigated (2, 3, 21, 25), and because its ad-
vantages outweigh the disadvantages it appears to
be the method of choice.

The M-E method suffers from several inadequa-
cies. It has been reported by Michaélsson (2) that at

high unconjugated RIT. concentrations color develop- -

ment requires more than 30 min, and that the ab-
sorptivity of axobilirubin depends on the “age” of
methanol; a newly opened bottle provided higher
values than a repeatedly used hottle. Hargreaves
(28) stated that it was impossible to measure accu-
rately the BIL content of certain neonatal sera, even
when the reaction tie was increased to 60 min, and
that accurate results were obtained only when a
higher dilution of serum was used. According to
Henry (29), samples must be diluted when the BIL
concentration exceeds 15 mg/dl. The variable tur-
bidity in the reaction mixture and the strong inhibi-
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tory effect of hemoglobin (2) are serious drawb&ck}f
The method is considerably less sensitive than the
J-G procedure. If the volume of sample is kept "'C:oni
stant, under the conditions of our studies a 10 mg/g
NBS BIL standard in serum. will give absorbanCesf‘(';'i_‘
0.749, 0.517, and 0.425 with the J-G, M-H, ang ME
methods, respectively. Only pooled serum may b;
used for standardization, and the ¢ values for azohj.
irubin are not very reproducible from day to day.
The latter can be attributed either to turbidity ;.
the quality and volatility of methanol.

The M-H procedure possesses two distinet advay,
tages over the M-E method. Color development &
complete in 10 min, even when the BIL concenty,.
tion is as high as 20 mg/d], and its sensitivity j
higher by 25%. All other comments made for th
M-E method are applicable to the M-H procedure.

It has been recommended that standardization j
the M-E and M-H methods be carried out with B[
dissolved in a mixture of CHCls and CHsOH (5, 15
16). There are several objections to this approact
The standardization is performed in a protein-fr
medium and the absorptivity of BIL may be diffe
ent in the absence of protein. Henry (30) reporte
that the ¢ valuc of azobilirubin, with the M-E meth
od, is substantially higher in the absence of protein
Furthermore, BIL in a mixture of CHCly an
CH30H is extremely unstable, and such solution
must be used within 2 to 4 min after their prepara.
tion (16). For these reasons it appears preferable to
standardize the M-E and M-H methods with BILin
serum as recommended by the Joint Committee (7)

Commercial Controls

Commercial controls can be improved it manufac-
turers take some corrective steps. It is important
that commercial BIL controls be assayed against the,
NBS BIL standard. It is also important to assure.
that all BIL is in solution before the protein base is
added. If the protein base is other than serum, the:
assigned BIL values will vary with the analytical’
method unless the J-G procedure is used. When con-
trols are made in HSA or BSA, the user must be in-
formed that these are not suitable for the M-E and
M-H procedures. They can be used only when the
assigned values are established with a reference stan-.
dard of BIL in serum. To be more explicit, separate
listed values should be given for the various meth-
ods. The importance of accurate BIL determinations
In neonates cannot be overemphasized, since the
concentration of BIL is the major criterion for ex
change transfusion therapy. "

We sincerely thank Miss Bernie Jendrzejczak for her excollent
technical assistance.

Addendum

Since this paper was accepted for publication, ¥
have observed a suppression of the molar absorptivl



of azobilirubin, by the J-G method, in a BRII. stan-
dard in serum.

An NBS BIL standard in fresh pool sera gave an «
calue for azobilirubin of 71.1 X 108 as compared to
746 X 103 previously observed. To-exclude an error
in the preparation of the standard solution, aliquots
of the standard were diluted with 0.134 mol/liter
'phosphate buffer, pH 7.4, and absorbance was mea-
“gured at 462 nm against a similarly treated serum
diluent. The molar absorptivity of BIL was 49.8 X

108, which agrees very well with the value of 50.0 X
108 that we have observed in the past.
-~ Deterioration of the NBS material was also ruled
out by preparing a BIL standard in HSA on the
same day that the standard in serum was made. The
¢ value for azobilirubin of this preparation was 74.8
.X 108, which is identical to that shown in Table 5.
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